1. Determinations of plasmarenin activity (PRA), plasma renin concentration (PRC) and renin substrate (RS) were made on single plasma samples from thirty-four women at various stages of pregnancy. Comparisons were made with non-pregnant control subjects.
tensinase (Gould, Skeggs & Kahn, 1966; Helmer & Judson, 1967; Berger & Langhans, 1967; Weir, Paintin, Robertson, Tree, Fraser & Young, 1970) . It has been shown that human chorion laeve synthesizes, stores and releases a renin-like enzyme (Skinner, Lumbers & Symonds, 1968; Symonds, Stanley & Skinner, 1968) and probably accounts for the high concentrations of renin earlier reported in liquor amnii (Brown, Davies, Doak, Lever & Robertson, 1964b) . This raises the possibility of a contribution from this membrane to maternal circulating renin.
In support of such a concept is the report by Brown, Davies, Doak, Lever & Robertson (1963) that the concentration of renin in maternal plasma is occasionally extremely high during the first trimester, a finding consistent with the possibility that renin, like chorionic gonadotrophin (Jones, Delfs & Stran, 1944) , passes into the maternal circulation during the phase of cytotrophoblastic proliferation.
Again, in a more recent report (Weir, Paintin, Brown Fraser, Lever, Robertson & Young, 1971 ) the mean maternal renin concentration was found to be higher at 16 weeks than at term, although the difference was not statistically significant. In contrast with these hints of initial high plasma renin concentrations, various studies of plasma renin activity have revealed either a progressive rise to the week 22 with stabilization thereafter (Genest, de Champlain, Veyrat, Boucher, Tremblay, Strong, Koiw & Marc-Aurde, 1965 ) or a slightly elevated activity throughout pregnancy (Helmer & Judson, 1967) . Such discordant results between concentration and activity measurements of renin could be due to the observed change in renin substrate during pregnancy which, because of the methods employed, can influence activity, but not concentration measurements (Skinner, Lumbers & Symonds, 1969) . In addition, such differences could be due to the production of a different substrate or co-factor altering enzyme-substrate affinity, or even to the action of a different enzyme since the methods of assay vary considerably.
To test these possibilities and thereby to assess the likelihood of a chorionic contribution of renin to maternal circulation, measurements of renin activity, concentration and substrate were made in peripheral venous plasma at various stages of pregnancy in normal women. The possibility that renin secretion occurs from the pregnant uterus was tested directly by comparing renin concentrations in simultaneously collected uterine and peripheral venous plasma in women undergoing caesarian section at term. A similar study during the first trimester has not been possible.
M A T E R I A L S A N D M E T H O D S

Subjects
Venous blood samples were collected from an antecubital vein of thirty-four healthy Caucasian women at various stages of normal gestation, up to but not including labour. All samples were taken at 11 .OO hours with the subject seated. All women were taking their usual diets, were not receiving drugs and were judged clinically to be normal. They were not selected with respect to age and parity. Umbilical cord arterial and venous blood samples were collected from four foetuses at delivery after normal gestation; two were delivered per vuginum and two by caesarian section. Renin concentration across the uterus was examined by collecting uterine and arm venous blood from seven women before sectioning the uterus during caesarian deliveries. Heparin was used as anticoagulant in a concentration of 20 unitslml which has been shown previously to have no influence on renin determinants with the present techniques (Skinner, 1967) .
Enzyme assay and kinetic studies
Plasma renin activity (PRA), renin concentration (PRC) and renin substrate concentrations (RS) were measured by the methods of Skinner (1967) with slight modifications as mentioned below. Values were compared with those previously reported in normal menstruating women (Skinner et al., 1969) . In these methods the recovery of renin and substrate is complete and the agreement between replicates when determinations are repeated on frozen plasma after an interval of weeks is 15% (SD+14%, n = 12) for PRA, 4.1% (SD+4.7%, n = 13) for PRC and 16% (SD+ 16%, n = 22) for RS (Skinner, 1967; Skinner et al., 1969) . Renin substrate is expressed as the amount of angiotensin released from plasma by incubation with an excess (1 Goldblatt unit/ml) of angiotensinase-free human renal renin. This high concentration of renin provided a maximum yield of angiotensin during a 30 min incubation at 37". Plasma was diluted such that the generated angiotensin concentrations remained below 200 ng/ml in the incubation mixture.
Renin activity expressed in ng h-lm1-l refers to the velocity of formation of angiotensin in plasma during incubation at 37" at pH 7.5 after removal of angiotensinase. This measurement is a reflection of renin activity in vivo and is dependent on the amounts of both enzyme and substrate in plasma (Skinner, 1967) . Renin concentration (unitslml) refers to the reaction rate between plasma renin and a standard exogenous substrate prepared from sheep plasma which is added to human plasma after the endogenous substrate has been denatured by acid treatment at pH 3.3. The one variable in this system is renin concentration in the plasma sample.
The only modification from previously reported methodology involved the use of sheep substrate at the higher concentration of 1.1 pg/ml rather than 0.53 pg/ml. This increase was introduced to achieve a zero-order reaction. The reaction rate at a concentration of 1.1 pg/ml is exactly 1.5 times as fast as the initial velocity provided by a concentration of 0.53 pg/ml (Skinner, 1967) . Previous results obtained by using the lower concentration can be directly compared with the present values by means of this correction factor. Under zero-order conditions with sheep substrate (i.e. at 1.1 pg/ml) one unit of human renin is equivalent to 1 x Goldblatt units (Mill Hill Standard human renin). At the lower substrate concentration of 0.53 pg/ml, one unit is equivalent to 1.5 x The effect of human renin substrate concentration on reaction velocity was studied by using pooled plasma from women in the third trimester of normal pregnancy and from nonpregnant women. These plasmas were treated as for PRA measurements and then a constant amount of human renal renin (5 x Goldblatt units/ml) was added to serial dilutions of each and reaction velocity measured at each substrate concentration. Control dilutions without added renin were run in parallel to correct for the activity of endogenous renin present in the plasma. Similar studies were repeated with renin prepared from liquor amnii by treatment through the PRC method.
Goldblatt units.
RESULTS
In Fig. 1 and Table 1 values of PRA, PRC and RS are shown in thirty-four healthy pregnant women. In each woman at all stages of pregnancy PRC (Fig. lb) P < 0.001 .) Because these values are isolated measurements on individual women, the pattern of change in renin concentration for particular women cannot be deduced but it is nevertheless clear that at 4 6 weeks gestation plasma renin is often greatly elevated and that similarly high concentrations are not seen after 20 weeks.
In contrast with this pattern of change in enzyme concentration, the activity of the enzyme in whole plasma (i.e. reaction rate between endogenous renin and endogenous substrate) was at a relatively constant high value both early and late in pregnancy (Fig. la) .
Changes in renin substrate (Fig. Ic) were the reverse of renin concentration, being lowest in early pregnancy and significantly higher towards term (P<O.OOl, 'Students' t test). Table 2 shows a comparison of plasma renin concentrations in peripheral venous and uterine venous blood in seven normal women undergoing elective caesarian section at term. Renin concentrations in blood draining from the uterus were slightly lower than in peripheral 
Renin concentrations in uterine and peripheral venous plasma
Foetal renin concentrations
Values of PRC, PRA and RS in cord blood together with simultaneously collected maternal values are shown in Table 3 . Whereas the results are too few to be analysed statistically, it is of note that in cases 1 and 2, cord arterial and venous renin substrate concentrations were lower in the foetus than in the mother by an amount greater than replicate error. Measurement of renin in cord arterial and venous plasma in cases 1,2 and 4 supports a previous observation that no consistent arterio-venous difference in renin concentration exists across the placenta itself . The amounts of PRC and PRA are similarly high in the foetus and mother without consistent gradients being apparent.
Substrate concentration and reaction rate
In Fig. 2 reaction velocity at a constant concentration of renal renin is plotted against substrate concentration by using pooled plasma from pregnant women and normal nonpregnant controls. At the same substrate concentration there was no significant difference in the rate of angiotensin generated from each substrate, indicating similar enzyme-substrate affinities. The same result was obtained in two further experiments with both renal renin and amniotic fluid renin.
A considerable error is involved in comparing such substrate curves since each point represents the difference between two separate velocity measurements (total minus endogenous rate) each of which has a replicate error of 4.1 +4-7% (see the Materials and Methods section). This evidence cannot therefore exclude small changes in enzyme-substrate affinity but the possibility that an affinity change could account for the maintenance of PRA in the face of falling PRC during gestation can be confidently rejected.
DISCUSSION
The important point that emerges from this study is that plasma renin activity remains relatively constant between the first and second halves of pregnancy in the face of considerable changes in plasma renin concentration and renin substrate. A fall in renin concentration as substrate increases is reminiscent of the changes seen with oral contraceptive administration wherein it is held that a negative feedback operates through the circulating concentration of angiotensin suppressing renin secretion from kidney as substrate and consequently physiological renin activity increases (Newton, Sealey, Ledingham & Laragh, 1968 ; Skinner et al., 1969) .
The impact of renin substrate concentration is shown in Fig. 2 where the extreme dependence of reaction rate on the prevailing substrate concentration is shown for all substrate concentrations encountered in pregnancy. The amount of human substrate required to saturate the enzyme will only be revealed accurately by using purified preparations, but reciprocal plots of the present results suggest that the substrate concentration at half maximum velocity ( K A is greater than 10 pg/ml. In contrast with this conclusion are the reports of Haas & Goldblatt (1967) of a K, of only 0.17 pg/ml for the human reaction and of Gould & Green (1971) of a K, of 0-93 pg/ml. The reasons for these remarkable differences are not immediately obvious, but a much higher value than 1 pg/ml is also apparent in the findings of Helmer & Judson (1967) . Less controversy exists over the K, of the reaction between human renh and various heterologous substrates with values ranging between 0.3 and 0.5 pg/ml for ox, hog and sheep substrates (Brown, Davies, Lever, Robertson & Tree, 1964a; Gould et al., 1966; Skinner, 1967) . The greater affinity for heterologous substrate has been exploited by each of these authors to yield renin assays resistant to competitive inhibition and to provide high rates of angiotensin generation.
Whereas the suggestion of a feedback from renin substrate concentration on renin secretion might play some part in the opposing shifts in PRC and RS, it does not relate in any way to the early high value of PRC. This peak in the first half of gestation was also noted by Brown et al. (1963) who used a method similar to the one in this study, but was not seen by Helmer & Judson (1967) who derived renin concentration indirectly from measurements of renin activity and substrate after establishing that the reaction was first order. There are several possible reasons for this different conclusion but the most likely one which has important repercussions is that the present PRC method and also that of Brown et al. Such a possibility recently became a reality by the finding (Lumbers, 1971 ) that most, but not all, of the renin in liquor amnii is inactive at pH 7.5 and is only activated by acid treatment below pH 4 as used in the present PRC method and also in that of Brown et al. (1964a) . Chorionic renin behaves in a similar manner (S. L. Skinner, E. R. Lumbers & E. M. Symonds, unpublished work) and it follows that if such an enzyme entered maternal circulation it would be seen only by assay systems that employ acid treatment below pH 4 and would not be measured by the method of Helmer & Judson (1967) or the present PRA method. Such a possibility is strongly supported by the considerations discussed below.
By using the standard Michaelis-Menten equation and assuming that the K,,, for the human reaction is approx. 10 pg/ml, it is possible to calculate maximum velocity (V,,,,,. ) from the separate values of PRA and substrate concentrations found in each plasma sample Derived in this way, V,,,. can be expected to reflect enzyme concentration and thereby reveal whether the early peak in PRC is related to acid treatment. Fig. 3 shows the results thus obtained compared with the range of values from normal non-pregnant women derived in the same manner. Except for the one value at 5 weeks, this analysis fails to reveal the extremely high concentrations of renin recorded by the more direct PRC method. There remains, however, a distinct increase in enzyme concentration above normal in the first trimester with lower values within the normal range in late pregnancy. The proposition is therefore advanced that PRC methods that involve treatment of plasma below pH 4.0 measure, in addition to renin, an enzyme not registered by other assay systems. This enzyme is probably physiologically inactive and is present in highest concentration in maternal plasma in early pregnancy. Since a similar 'acid activated' renin is found in foetal chorion, the enzyme in maternal plasma is presumed to be of this origin. Further, the somewhat elevated concentrations of 'physiologically active' renin in first trimester plasma (Fig. 3) indicates that part of this chorionic renin must be active in the mother. For these conclusions to be valid, however, the true K,,, must be somewhere near the estimate used in the calculation; a lower value would further flatten the first trimester peak and a higher value would raise it.
Whereas these arguments suggest a considerable foetal contribution of inactive renin and a lesser contribution of active renin to maternal PRC, assay across the uterus at term did not reveal any uterine leak of such an enzyme. On the contrary, the results show that renin is cleared by the uterus, a finding in agreement with the observation of Smith, Selinger & Stevenson (1969) , but not negating the possibility of a chorionic contribution to maternal circulation since that postulate is more relevant to early pregnancy. The chance of directly confirming the postulate by measurement of uterine vein renin concentrations in early pregnancy has thus far not been possible. Attention is currently directed towards establishing the physiocochemical nature of the inactive component, an approach that should permit its precise identification in maternal plasma.
It is apparent that the influence of endogenous substrate on PRA and failure to establish the specificity of PRC measurements can lead to erroneous conclusions regarding the physiological activity of this system. Assay of circulating angiotensin will correct some of these errors and the report by Robertson, Weir, Diisterdieck, Fraser & Tree (1971) of elevated angiotensin I1 concentrations in the first trimester of pregnancy is the first indication that the activity of the system in vivo is indeed very high in early pregnancy. Even so, the need to have precise information about the relative balance of renin, substrate and co-factors will remain and such information will only come from careful kinetic analyses of the reaction in every situation.
